Introduction
============

Anomalous origin of the right coronary artery from the pulmonary artery (ARCAPA) is a very rare congenital heart defect.[@B1][@B2][@B3] Most ARCAPA cases are isolated anomalies, but approximately 25-30% is found to be associated with other structural heart defects.[@B4] In 1885, the first cases of ARCAPA were described by Brooks.[@B5] Most affected patients are asymptomatic and their anomalies were detected incidentally. This is completely different from the anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA), which without definitive surgical treatment can frequently lead to death early in life.[@B6] However, sudden cardiac death from ARCAPA has been reported as well.[@B7] The most common symptoms which would require the patient to seek medical attention are murmurs followed by chest pain, and symptoms of congestive heart failure.[@B7] The natural history of ARCAPA is difficult to describe because of the relatively small number of reported cases. Definitive therapy requires surgical translocation of the anomalous right coronary artery (RCA) to the aortic root.[@B6]

Case
====

Patient no. 1 was an 8-month-old male with a weight of 7.5 kg suffering from seizures. Electrocardiographic (ECG) examination revealed an inverted T wave in leads V~1~-V~4~. On transthoracic echocardiogram (TTE), there was a dilated left main coronary artery (0.24 cm diameter-identified according to online software, version 3.7.0 \[Ped(z)-Pediatric Calculator; Daniel Gräfe, Germany\] for calculating coronary artery Z score) with a suspected diagnosis of ARCAPA associated with good left ventricular ejection fraction (LVEF). A computed tomographic angiography (CTA) was carried out and confirmed the diagnosis of ARCAPA and also revealed an aberrant right subclavian artery along with a right dominant coronary circulation. The patient underwent reimplantation of the anomalous RCA (which was originating from the right anterolateral aspect of the pulmonary artery \[PA\]) into the ascending aorta. For that, a complete cardiopulmonary bypass (CPB) with aortobicaval cannulation was prepared and moderate hypothermia (28-32℃) was used. Then, antegrade cold blood cardioplegia was administered with the pulmonary arteries snared. A large coronary ostial button, which contains the RCA, was harvested from the pulmonary artery, and the RCA was mobilized as well. Then, an opening was made in the left anterolateral aspect of the aorta followed by direct implantation of the RCA. The defect in the sinus of the pulmonary artery was reconstructed with a fresh autologous pericardial patch. The patient was weaned off the CPB without inotrope support. In the intensive care unit (ICU) a low dose of Milrinone (0.25 mcg/kg/min) was administered along with unfractioned Heparin infusion with a dose of 50 units/hour in order to keep the partial thromboplastin time (PTT) between 60 to 90 seconds. The intubation time lasted 16 hours and the patient was discharged after 5 days on digoxin, captopril, aspirin, phenobarbital, and propranolol. At the 3-year follow-up period, the patient appeared well, and was without any dyspnea or chest pain along with a LVEF of 65% measured by TTE.

Patient no.2 was an 18-month-old male with a weight of 9.8 kg who was asymptomatic; during a routine checkup a 2/6 systolic murmur was heard in the left second intercostal space, ECG was normal. However, TTE demonstrated a dilated left coronary artery (0.3 cm diameter) and normal left and right ventricular function without any associated lesions. CTA revealed an RCA originated from the right side of the PA with an anterior course in relation to the ascending aorta along with a right dominant coronary system ([Fig. 1](#F1){ref-type="fig"}). The patient underwent reimplantation of the anomalous RCA into the ascending aorta, with the origin of the RCA from the right facing sinus of the PA adjacent to the commissure. The patient was weaned off the CPB without inotrope support. In the ICU Milrinone with a dose of 0.5 mcg/kg/min was administered along with unfractioned Heparin infusion with a dose of 100 units/hour. The intubation time lasted 26 hours and the patient was discharged after 6 days on aspirin and furosemide. At the one-year follow-up, the patient was asymptomatic (no chest discomfort or dyspnea) with a LVEF of 66% measured by TTE.

Patient no.3 was a 4-year-old male with a weight of 15 kg who was asymptomatic. However, during hospitalization for upper respiratory tract infection, the ECG revealed an inverted T wave in leads V~1~-V~4~, and consecutively TTE was performed and demonstrated a dilated left coronary artery with normal left and right ventricular functions. Coronary angiography demonstrated a dilated left main coronary artery and a retrograde flow in the RCA with runoff into the PA with a left dominant coronary circulation. The patient underwent reimplantation of the anomalous RCA into the ascending aorta, with the origin of the RCA from the right facing sinus of the PA. Postoperative management was identical to previous cases. The intubation time lasted 40 hours during which he was extubated for the first time after 16 hours but reintubated because of agitation and restlessness. He was then discharged after 6 days on digoxin, captopril, aspirin, and furosemide. The patient did not show any signs of dyspnea or chest pain and had a LVEF of 70% measured by TTE at 6-month follow-up.

Discussion
==========

Coronary artery anomalies arise embryologically as a result of either malrotation of the spiral septum dividing the truncus or malpositioning of the coronary buds themselves. The higher incidence of ALCAPA compared to ARCAPA may be explained by the proximity of the left coronary bud to the PA sinus. The pathophysiology of ARCAPA depends on the direction of blood flow in the coronary artery and its influence on oxygen delivery to the myocardium.[@B8] The severity of ventricular ischemia is determined by the shunt size, the degree of collateral circulation, and myocardial oxygen demands.[@B7] Because right ventricular oxygen demands are lower than that of the left ventricle, the ventricular ischemia in the ARCAPA is less prominent than in the ALCAPA.[@B7] However, patients with right dominant coronary circulation do not tolerate ARCAPA compared with those with a left dominant system.[@B8] In our series, the 8 and 18-month-old patients had right dominant coronary circulations, while the 4-year-old patient had a left dominant one. Although all patients presented asymptomatically with preserved left and right ventricular function, the role of coronary circulation dominance on ARCAPA presentation cannot be confirmed.

The diagnosis of ARCAPA is mainly incidental,[@B6] but some patients present with a murmur, chest pain, or symptoms of congestive heart failure.[@B7] However, the patients presented in this report did not suffer from cardiac symptoms, and only one patient had a murmur, which led to the diagnosis of ARCAPA. On the other hand, two other patients had ischemic changes on an ECG found in the setting of routine check-up for non-cardiac complaints. Moreover, ventricular function was also preserved in these cases.

Advances in diagnostic technologies have resulted in an increase in the rate of diagnosis of ARCAPA during infancy and early childhood.[@B8] Cardiac CTA and cardiac magnetic resonance is a gold standard diagnostic tool providing an excellent visualization of anomalous coronary arteries.[@B7] In our cases, the diagnosis was suspected by the TTE as a dilated left coronary artery was detected and confirmed by a CTA in two patients and by angiography in the other. Associated anomalies such as aortopulmonary window, tetralogy of Fallot, and septal defects have been reported in 22% of patients.[@B6] However, except for an aberrant right subclavian artery in one patient, the ARCAPA was an isolated anomaly in our patients.

Surgery is indicated on the diagnosis of ARCAPA, even in asymptomatic patients to prevent the development of myocardial ischemia and sudden cardiac death.[@B9] Different surgical procedures have been described for the management of ARCAPA. The ligation of RCA at its origin from the pulmonary trunk with or without concomitant grafting to the RCA is one option. However, the long-term patency of the graft is debatable.[@B9] Another option is the reimplantation of the anomalous RCA from the pulmonary artery into the anterior wall of the ascending aorta to reestablish a dual coronary artery system, which results in a better outcome compared with single coronary ostium system.[@B9][@B10] In our cases, we used the reimplantation technique in all patients, which was also associated with no cases of in-hospital mortality.

Reports describing follow-up of ARCAPA after surgical correction are rare.[@B8] The follow-up period of our cases was six months, one year, and three years, and neither late mortality nor complications were detected during the follow-up period. However, the risk for potential late complications exists, and long-term follow-up of patients is warranted. It may be recommended to perform an annual postoperative echocardiographic screening due to some studies reporting an incidence of clot in the reimplanted RCA.

In conclusion, the use of reimplantation techniques for ARCAPA repair can result in good outcomes with the establishment of a dual coronary system to prevent the continuous risk of sudden cardiac death and myocardial ischemia in such cases.
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